Abstract -The objective of this work was to assess, during six years, the temporal stability of natural rubber yield of 25 superior Hevea brasiliensis genotypes, using the Wricke, Eberhart & Russell, Lin & Binns, additive main effect and multiplicative interaction (AMMI) analysis, and harmonic mean of the relative performance of the genetic values (HMRPGV) methods. The IAC 40 and IAC 300 genotypes were identified as stable and high yielding by the Eberhart & Russell, Lin & Binns, HMRPGV, and AMMI Biplot methods. The ranking of the other more stable genotypes identified by these analyses was altered. The observed results in the AMMI Biplot agreed with those observed in the Wricke method for identifying stable, but lower yielding genotypes. The simultaneous use of different methods allows a more accurate indication of stable genotypes. Stability analyses based on different principles show agreement in indicating stable genotypes.
Introduction
The main source of natural rubber, Hevea brasiliensis (Willd. ex A. Juss.) Muell. Arg., is an important commercial species, which has been the object of genetic breeding to increase latex yield. However, this is a slow and laborious process, due to the perennial nature of the crop and to the several selection and assessment stages of the breeding cycle (Chandrasekhar et al., 2007; Priyadarshan et al., 2009) . In one of these stages, the selection process involves assessing the adaptability and stability of genotypes in different environments.
Plant breeders usually estimate adaptability and phenotype stability parameters to assess new genotypes before recommending them as cultivars (Silva & Duarte, 2006 ). In the case of H. brasiliensis, the most desirable genotypes are those that show stability in vigor and high yield over the years and locations (Gonçalves et al., 2003) . Genotype x year interaction in perennial crops represents the different responses of genotypes to changes in annual conditions. In genotype x year interaction, the relative performance of genotypes varies with the year (Gonçalves et al., 2005) .
Several methods, involving different assessment parameters, biometric procedures, or information detailing of analyses, can be used to assess stability and adaptability (Cruz & Carneiro, 2006) . In the method proposed by Wricke (1965) , based on analysis of variance, the sum of squares of the interaction is divided into parts attributed to each genotype, and the genotype with the lowest estimate for ecovalence (ωι) is considered stable (Cruz et al., 2004) . The method proposed by Eberhart & Russell (1966) , based on linear regression, measures the response of each genotype to environmental variations. Regression coefficients of each genotype, regarding the environmental index of the deviations of this regression, represent the estimates of the adaptability and stability parameters (Cruz et al., 2004) . In the nonparametric analysis by Lin & Binns (1988) , the measurement used to estimate the stability and adaptability of cultivars is the mean of the square of the distance between the cultivar and the mean maximum response obtained in the environment (Cruz & Carneiro, 2006) . The additive main effect and multiplicative interaction (AMMI) model combines a univariate method, i.e., analysis of variance for additive effects of genotype and environment, with a multivariate method, i.e., analysis of principal components for multiplicative effect of genotype x environment interaction . This method enables a more precise estimate of genotypic responses and an easy graphic interpretation of statistical analysis results by plot procedure . According to Resende (2004) , in the context of mixed models, the harmonic mean of the relative performance of the genetic values (HMRPGV), predicted by Blup, is an option for simultaneous selection based on yield, stability, and adaptability.
Recently, several methods have been used simultaneously to assess stability and adaptability in various crops, such as guarana (Nascimento Filho et al., 2009) , cotton (Silva Filho et al., 2008) , beans (Melo et al., 2007; Pereira et al., 2009a Pereira et al., , 2009b , corn (Cargnelluti Filho et al., 2007) , soybean (Silva & Duarte, 2006) , sugarcane (Rosse et al., 2002) , and eucalyptus (Resende et al., 2001) . In some cases, these methods can be complementary, since the simultaneous use of different methods generates estimates with different approaches (Pereira et al., 2009b) .
The most recent studies on stability and adaptability regarding H. brasiliensis have been based on the Finlay & Wilkinson , Reml/Blup (Verardi et al., 2009 ), Eberhart & Russell (Gonçalves et al., 2008 , and GGE-Biplot (Priyadarshan et al., 2008) methods. However, there is no record of different methods being used simultaneously.
The objective of this work was to assess, during six years, the temporal stability of natural rubber yield of 25 superior H. brasiliensis genotypes, using the Wricke, 
Materials and Methods
A total of 25 genotypes were used in the experiment: one Malay clone (RRIM 600), eight Amazon clones (five IAN, two Fx, and one RO), and 16 local clones (IAC). The Amazon clones derived from crosses and selections made in Brazil by Ford and Instituto Agronômico do Norte (IAN); except RO 45, a primary clone, derived from unknown parents, from a collection in the state of Rondônia. The IAC clones are the result of crosses and selection by Instituto Agronômico de Campinas (IAC).
The experiment was set up in the experimental area of Pólo Regional Noroeste Paulista, at the Estação Experimental de Votuporanga, located in the northwestern region of São Paulo State, Brazil, at 20º25'S and 49º50'W, at 450-m altitude. The mean temperature during the growing season was 32ºC, and the mean annual rainfall was 1,480 mm. The soil is classified as Paleudalf (Argissolo), with average nutrient status and poor physical structure. A randomized complete block design, with three replicates, was used. Each plot consisted of one row of six plants, with 7.0 m between rows and 3.0 m between plants. Rubber yield was assessed with half spiral tapping, at three-day intervals, five days a week, during eleven months of the year. Yield was measured by the amount of coagulated latex in the bowls, which were attached to each tapped tree and collected randomly twice a month; the latex was dried under normal shade and ventilation conditions during the assessment period. The total annual rubber yield per tree was divided by the number of coagulates, and the results were expressed in grams per tree per tapping.
Data were subjected to individual and joint analyses of variance. After verifying significant genotype x year interaction, analyses of genotype adaptability and phenotype stability were carried out using the Wricke (1965) , Eberhart & Russell (1966) , Lin & Binns (1988) , AMMI , and Blup prediction (HMRPGV) methods, described by Resende (2004) . The analyses of the first three methods were carried out using the Genes program (Cruz, 2006) , while the analyses of the fourth and fifth methods were done with the SAS (SAS Institute, 2002) and the Selegen Reml/ Blup (Resende, 2007) programs, respectively. The statistical models used in these analyses are described below.
The stability of the genotypes by the Wricke method was estimated by:
in which: ωι is the contribution of the ith genotype in the total of the interaction; Y ij is the mean of the ith genotype in environment j; Y i. is the total of the ith genotype in all locations; Y .j is the total of environment j considering all genotypes; in which: G is the number of genotypes assessed; and L is the number of experimental locations.
In the analysis by Eberhart & Russell (1966) , the linear regression model was represented by:
in which: Y ij is the observed mean of the ith genotype in environment j; m i is the general mean of the ith genotype; b i is the regression coefficient of the ith genotype; I j is the jth environmental index; d ij is the deviation of the regression of the ith genotype in the jth environment; and ē ij is the mean error associated to the mean. With this methodology, two stability parameters were estimated: regression coefficient (ˆβ i ), i.e., the regression of the performance of each genotype in different years on the annual mean over all genotypes, and variance of the deviation ( ) from the regression line. The coefficient of determination (R 2 ) for regression was used to determine how well the linear model fit the data. The environmental index was calculated by: in which n is the number of environments.
In the method by Lin & Binns, Pi is the mean quadratic distance between genotype i and the genotype with maximum response in environment j, as follows:
in which: Pi is the superiority index of the ith genotype; Y ij is the yield of the ith genotype in the jth environment; M j is the yield of the genotype with maximum response among all genotypes in the jth environment; and n is the number of environments. Modifications were used to discriminate Pi values for favorable and unfavorable environments, as reported in Cruz & Carneiro (2006) .
The model below was used in AMMI analysis, which involves additive components to study principal effects, and multiplicative components to study interaction: in which: Y ij is the mean response of the ith genotype (i = 1, 2, ..., G genotypes) in the jth environment (j = 1, 2,..., A environments); μ is the general mean of the experiments; g i is the fixed effect of the ith genotype; e j is the fixed effect of the jth environment; λ k is the kth singular value (scale) of the original interaction matrix (shown by GA); γ ik is the element corresponding to the ith singular vector column of the GA matrix; α jk is the element corresponding to the jth environment in the kth singular vector line of the GA matrix; ρ ij is the noise associated to the (ga) ij term of the classic interaction of the ith genotype with the jth environment j; and ε is the mean experimental error.
The HMRPGV from the program Selegen-Reml/ Blup, which is used for complete block designs with temporal stability and adaptability, according to the statistical model number 79, was used in the joint selection for yield, stability, and adaptability of genetic materials: y = Xm + Zg + Wp + Ti + Qs + ε, in which: y is the data vector; m is the vector of the effects of evaluation-replicate combinations (assumed as fixed) added to the general mean; g is the vector of the genotypic effects (assumed to be random); p is the vector of the plot effects (random); i is the vector of the effects of genotype x evaluation interaction; s is the vector of the permanent environment effects (random); and ε is the error or residue vector (random). The uppercase letters represent the incident matrices for the referred effects. Genotypic effects were considered to be random due to the number of genotypes assessed, i.e., a total of 25. Resende & Duarte (2007) recommend treating genotypic effects as random when the number of treatments is equal to or greater than ten.
Results and Discussion
Highly significant (p<0.01) effects were observed in the individual variance analyses of the genotypes for rubber yield each year, suggesting that the differences among the genotypes within each year were attributable to genetic causes. The joint analysis of variance showed highly significant effects (p<0.01) for genotypes, years, and genotype x year interaction, which indicates, respectively, presence of variability among genotypes, differences between years, and differences in the relative performance of genotypes in the years assessed.
Since the focus of the present study was to select stable genotypes over time, comparisons between the different methods of stability assessment concentrated mainly on the genotype with the best performance for the parameters assessed. Resende et al. (2001) , genotypes with (β i = 1.0) are only desirable if they have maximum yield. IAC 40, IAC 300, and the control RRIM 600 were among the highest yielding stable genotypes, and were considered stable by the Lin & Binns, HMRPGV, and AMMI1 biplot analyses. There was agreement among the genotypes that showed Table 3 shows the ranking of the genotypes according to the Lin & Binns method for stability, adaptability, and yield, with the alteration proposed by Cruz & Carneiro (2006) , which separates clones with greater stability and phenotypic adaptability for favorable and unfavorable environments (<Pi). IAC 40 was classified as the most stable and adapted genotype in favorable and unfavorable environments, whereas IAC 300 was among the most stable and adapted in general and unfavorable environments. Genotypes IAC 303, IAC 56, IAC 301, and RRIM 600 showed specific adaptability to favorable environments, while IAN 3156, IAC 300, IAC 301, and RO 45 had specific adaptability to unfavorable environments. Besides identifying the most stable and adaptive genotypes among the highest yielding, the Lin & Binns method is easy to apply and interpret, and discriminates the best clones for performance in both favorable and unfavorable environments (Nascimento Filho et al., 2009; Pereira et al., 2009a) .
In the analyses carried out by HMRPGV (Table 4) , IAC 40 and IAC 300 were among the first genotypes for all the parameters assessed. The highest genetic values for stability were found for IAC 40, IAC 3156, IAC 300, IAC 301, and IAC 303, and the greatest adaptability was found for IAC 40, IAC 300, IAC 3156, IAC 301, and IAC 56. The genotypes that showed highest stability and adaptability were IAC 40, IAC 300, IAC 301, IAC 3156, and IAC 56. As observed by Maia et al. (2009) , there are similarities among the rankings of these materials by the different methods. According to the authors, this could be a result of the positive correlation and the mean magnitude involving genotypic performance in the environments.
Five components were obtained by AMMI analysis (IPCA). There was significance up to the AMMI2 model, which was the first to associate significance for axles (IPCA) with nonsignificance for residue (noise). According to Gauch (1988) , the first AMMI axles capture a greater percentage of pattern. The subsequent increase in dimensions (axles) results in a decrease in the percentage of pattern and in an increase in noise. Therefore, in spite of selection on a single axle, which explains a small portion of the original sum of squares of the genotype x environment interaction (SS GxE ), the capture of a greater percentage of pattern was expected. In the present study, the first axle (IPCA 1) explained 51.04% of the sum of squares of the interaction of the variation, and the second (IPCA 2) explained 33.12%, totaling 84.16% in the first two components. Figure 1 shows the AMMI1 biplot analyses for IPCA x rubber yield data and the AMMI2 biplot analyses for IPCA 1 x IPCA 2. According to Duarte & Vencovsky (1999) , in AMMI analysis, the biplot is interpreted by the magnitude and the sign of the genotype and environment scores for the interaction axles. Thus, scores close to zero characterize genotypes and There was coherence among the most stable genotypes identified with the different analytical methods; however, the ranking of some genotypes was altered. IAC 40 and IAC 300 were considered the most stable in the analyses that associated stability to yield. From the breeder's point of view, processing data by several methods of adaptability and stability analysis, while considering the peculiarities of each method, is better for decision-making when indicating cultivars (Cargnelutti Filho et al., 2007) . When the genotype x environment interaction results in the variation of unpredictable environmental factors, such as year to year variation, as was the case in the present study, breeders need to develop more stable genotypes that can perform reasonably well in a wide range of conditions. Such breeding strategies can help rubber producers to avoid risks (Gonçalves et al., 2008 
